A novel technique for determining the total and the meristematic number of cells in a root meristem is described; it involves macerating the tissue in a known volume of fluid, and subsequently determining the appropriate number of cells in an aliquot on a haemacytometer slide. Root tips are cultured in batches on sintered glass disks with different nutrient media and at four temperatures. Samples of four roots are taken from each culture at intervals of 12 hr., and with each sample the average total number, the average meristematic number of cells, and the average length of each root are determined. From these primary data rates of division and indices of extension are calculated.
I n t r o d u c t i o n
This investigation provides an analysis of the effects of certain experimental treatments on the processes of cell division and cell extension as they occur in the isolated meristem of the root, and it thus furnishes the data for determining the relative contribution th at each process may make to the total growth of the root. The investigation is a development from the pioneer work of Burstrom (1941 Burstrom ( , 1947 in this field; it is based, however, on entirely novel techniques and is designed to supplement the earlier work not only by extending it to a new research object but also by providing more extensive data, particularly with regard to nutritional effects in cell division. For the purposes of the inquiry a technique for determining the number of cells in a tissue has been developed which may have many further applications.
The tissue studied has been the root apex of Cucurbita and the experimental design has involved culturing short root tips in batches of thirty or forty, with three nutrient media and at four temperatures. For each culture, at intervals of 12 hr., samples of four roots are taken, and on each sample the average length of the root, the average total number of cells per root and the average total number of nonvacuolated cells per root are determined. From these primary data two derived [ HO ] r sets of-values are calculated, which are measures respectively of rates of cell division and of the degree of cell extension. Serial values have thus been assembled which show the effects with time of the experimental variables on (a) the overall length of the root, (6) the rate of cell division, and (c) the degree of cell extension.
E x p e r i m e n t a l m e t h o d
Cultural techniques The root tips are excised from young seedlings of Cucurbita pepo which have been germinated, without their testas, on damp filter paper a t 25° C. The removal of the testas ensures a uniform root development. When the radicles are 1*5 to 2 cm. long they are ready for use; they are detached from the seeds and their tips are inserted into holes of approximately their own diameter in a metal plate 1-6 mm. in thickness which rests on another sheet of glass or metal. When all the roots are in position the tips are severed by passing a razor across the surface of the plate. The plate is then lifted from its base and the isolated tips, each 1*6 mm. in length, are shaken out of the perforations and transferred immediately to the culture vessel.
The excised roots are cultured on sintered glass disks, 3 in. in diameter, contained in petri dishes into which culture fluid is poured to a level just below the upper rim of the sintered glass. Thirty or forty tips are placed on each disk and the cultures are incubated in the dark.
Cell division and cell extension
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Experimental treatments
Three basic nutrient media have been used. White (1932) has shown th at ex tensive root systems are developed from root tips when a carbohydrate, a suitable mixture of inorganic salts, and yeast extract are supplied. These three types of nutrients have therefore been used here, the particular media incorporating them being 2 % sucrose, an inorganic salt mixture dissolved in 2 % sucrose, and a yeast extract dissolved in 2 % sucrose containing the inorganic salts. Preliminary ob servations indicated that, with respect to the carbohydrate, 2 % sucrose gives the most satisfactory results. The inorganic salt mixture was based on th at recom mended by White and consisted of 100 mg. calcium nitrate, 25 mg. magnesium sulphate, 35 mg. potassium carbonate, 25 mg. potassium dihydrogen phosphate and 1*25 mg. ferric sulphate, all per litre of fluid. The yeast extract was supplied in the form of a commercial preparation (Yeastrel) at the rate of 1 mg. per 100 ml. of fluid.
Each nutrient medium was used at four temperatures, namely, 25°, 20°, 15° and 5°C. Treatment a t the two higher temperatures was effected in two constant temperature rooms maintained at 25° and 20°C respectively; at 15°C in an un heated cellar in which the temperature fluctuated between 14° and 16°C during the time of the experiments; and at 5° C in the main chamber of a large refrigerator.
The experimental period in all series was restricted to 3 days in order to avoid the necessity of maintaining sterile conditions in the cultures. The use of sterile conditions would necessarily have restricted the scope of the inquiry, since the techniques used require large quantities of material. Within the period of 3 days with appropriate media the roots grow appreciably and normally remain free of fungal or bacterial attack. Moreover, with the culture technique used, the media do not develop the heavy cloudiness of massive bacterial contamination.
At intervals of 12 hr., samples, each of four roots, were taken at random and, f after the length of each root had been measured against a ruler, the total number I of cells and the number of non-vacuolated cells in the sample were determined.
.
Cell counting technique
The principle involved in this technique is simple. The roots are first macerated in a known volume of fluid in such a way th at the tissue is dismembered either into individual cells or into groups of cells sufficiently small for the number in them to be exactly counted. The density of the cell suspension or of a particular component in it is then determined by the application of a normal haemacytometer technique.
The suitability for the present purpose of a number of macerating agents in cluding those recommended by Tupper-Carey & Priestley (1923) was examined, but only one, namely 5 % chromic acid, gave satisfactory results. The technique finally developed as a standard procedure involves immersing the roots in 2 ml. of this solution at room temperature for 12 hr., and then shaking the whole mass vigorously by hand. This treatm ent yields a turbid suspension in which normally there are no clumps visible to the naked eye. If occasional clumps still remain they are dispersed by pressing them gently against the side of the vessel with a glass rod. The period of 12 hr. for treatm ent with chromic acid is not critical, and it may be extended to 24 hr. but, with more prolonged exposure to the acid, cell walls are attacked and the cells do not survive the shaking necessary to disperse them through the fluid.
When maceration is complete a sample of the suspension is withdrawn and a drop introduced below the cover-slip of a haemacytometer slide. During this process two precautions must be observed. Some of the cells tend to fall rapidly in the fluid, and the removal of the sample must therefore be preceded by a vigorous agitation of the suspension. For the same reason, during the transfer of the material to the haemacytometer slide, it is desirable to keep the pipette as nearly horizontal as possible.
A haemacytometer slide was used, with a depth of 0-2 mm. between the coverslip and the grid. The slide is placed on the mechanical stage of a binocular micro scope equipped with a § in. objective and x 10 eyepieces. The grid of the slide covers an area of 16 mm.2 and is divided into 256 squares in 16 horizontal rows. The number of cells in each row is counted and recorded separately, the numbers for the separate rows being finally added together to give the number of cells in 3*2 mm.3 of fluid. From this the number of cells in the original suspension is calculated, and from this again the average number in each root is determined.
W ith each sample taken from the suspension the area over the grid is scanned twice. On the first occasion all the cells, and on the second the non-vacuolated cells only, are counted. In the normal procedure two samples are taken from each suspension, and each value given in the next section is based on the mean of duplicate determinations.
The method outlined above for determining cell numbers is relatively rapid, since each count occupies only about 10 min. Moreover it is reasonably accurate. Replicate haemacytometer readings from the same suspension usually agree within about 5 %; four readings from the same suspension for instance gave the following values: 482, 473, 466, 515. At the same time the technique yields values for total numbers th at are of the same order as estimates made by other methods. The total number of cells in a cylindrical segment of the root has been estimated by the method used by Sinnott (1942) with other tissues; the average volumes of cells in the cortex and the pith have been determined and these have been divided into the total volumes of the respective tissues. Two determinations by this method gave 69,240 and 65,177, and two by the maceration technique 75,888 and 70,625. The agreement between the two sets of determinations is thus reasonably close, and shows th at there is little, if any, destruction of cells during the maceration procedure.
Errors involved in the cultural technique
The variation in the number of cells in the root tips immediately after excision is not greater than 8 %. Haemacytometer readings with six different groups of four tips each gave the following mean values: 416, 450, 437, 441, 418, 431. After growth in the cultures has continued for some time, the differences between cor responding samples taken from duplicate cultures is of course greater but does not exceed 10%. Determinations of total numbers of cells made with samples taken from duplicate cultures at 25° C, and with three nutrient conditions are given in table 1, the sets of values marked I in this table being also included in table 3. The differences between successive values of table 1 are a measure of the number of cells formed in the root during the corresponding intervals. In this connexion, however, it may be noted th at a small systematic error is involved which is shown by the values obtained with water only given in table 2. In this series in the absence of cell division the total number of cells in the root decreases from about 67,000 to 61,000. This decrease has been observed on several occasions and is undoubtedly due to cells being shed from the surface of the root. A comparable
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loss of cells is probably involved in all series, but proportionately is likely to be f less than the 10 % observed with water only, and has been ignored in the con sideration of the relevant data presented below.
Values derived from primary data
From the primary data two derivative sets of values have been calculated-'rates of cell division', and 'indices of extension'.
From successive values the total number of cells formed during any interval J may be determined. The increment in the total cell number is not, however, even a relative measure of the rate of cell division since during any interval the number | of meristematic cells may change. The assumptions have been made th at division | occurs primarily in non-vacuolated cells which are all potential meristematic cells, 1 and the rate of division during the 12 hr. interval has been calculated by dividing I the total cell increment by the average number of non-vacuolated cells in the root 1 during the interval. As shown below, the number of non-vacuolated cells in the I experimental conditions of this investigation usually decreases with time and the 1 average number has been taken as the arithmetic mean between the numbers at ] the beginning and end of the interval. Thus, if and are respectively the total 1 and meristematic numbers of cells at the beginning, and and the cor-1 responding numbers at the end of the interval, then the 'rate of division' is given 5 by T2 -T1/(m1 + m2)J2 and represents the number of divisions per meristematic ce per 12 hr.
The reliance to be placed upon the value for the 'rate of division' depends of I course on the accuracy with which the total cell number is determined, on the error involved in the determination of the number of non-vacuolated cells, and on the justification for the assumptions on which the calculation is based. The errors of the total cell count have been considered above. The errors involved in the non-vacuolated cell count are not easy to determine since it is difficult to identify all non-vacuolated cells in what is virtually fixed material. During treatment with chromic acid newly formed vacuoles may disappear. The error from this source, however, will tend to give an under-rather than an over-estimate for the rate of division. Priestley (1929) has shown th at divisions may occur in vacuolated cells and if these are extensive a rate of division based on non-vacuolated cells only would be too high. Evidence of such divisions was sought for but was not forth coming; divisions of this kind cannot therefore have been frequent. The further assumption th at all non-vacuolated cells are meristematic cells lacks any experi mental evidence; nevertheless, it is justified by the observation th at mitotic figures are distributed over the whole apical region of non-vacuolated cells.
The ' index of extension ' is a ratio between root length and the number of vacuolated cells at the corresponding stage of growth. Since non-vacuolated cells are restricted to about 0-5 mm. from the tip, and since the number of these has been deducted from the total number of cells, the ratio is a comparative measure of the average lengths of vacuolated cells. The ratio embodies of course all the uncertainties involved in the determination of the total and the non-vacuolated cell numbers, and as a measure of average length it is valid only if the number of cells in the cross-section of the root does not vary, which the evidence available suggests is the case. Large differences in thickness between roots from different treatments have not been observed, and the slight differences noted have always accompanied corresponding variations in length, and may therefore be attributed to effects on the size of the individual cells.
The ratio between root length and the number of vacuolated cells is undoubtedly a measure of the average cell length but as a measure of extension growth its adequacy depends upon how much of the root fragment is occupied by extending cells, and upon the number of extending cells th at are added from the extreme apex during the period of observation. If extending cells occupy the whole frag ment (apart from the extreme apex) and if their number does not increase then the index is a valid measure of extension growth. If the fragment includes older cells which have ceased to extend, the index loses validity, and if a relatively large number of vacuolating cells is added to the fragment during each interval of the experimental period then the course of extension in the original cells may be obscured by that in the cells formed during the experiment. I t has been shown that a segment cut out of the root, extending from 1*5 to 3-0 mm. from the tip, increases in length when placed on suitable nutrient media. This observation in dicates that all the cells within 1-5 mm. from the tip are still in an early stage of extension. Moreover, as shown below, after 24 to 36 hr. there is virtually little increase in the number of vacuolated cells.
E x p e r i m e n t a l r e s u l t s a n d t h e i r i n t e r p r e t a t i o n
The main body of results presented here have been obtained with three basic media, but in certain connexions it is necessary to compare these with two control series using respectively water only and an inorganic salt solution only. The results of these two control series are set out in table 2 from which it is clear th at there is no increase either in the lengths of the fragments or in the total numbers of cells if water or a solution of salts without other nutrients is used. I t is however sig nificant th at in both series the number of meristematic cells decreases sharply with time.
T a b l e 2 . E f f e c t s o f d i s t i l l e d w a t e r a l o n e a n d o f s o l u t io n s o f in o r g a n ic SALTS ONLY, AT 25° C, ON TOTAL CELL NUMBER T, ON THE NUMBER OF MERI STEMATIC CELLS C, AND ON OVERALL LENGTH OF ROOTS AT SUCCESSIVE STAGES OF DEVELOPMENT L
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The results obtained with the three basic nutrient media at the four tempera tures may next be considered in relation to (a) cell division, (6) cell extension, and (c) the overall increase in length of the roots.
Cell division
The change in the total number of cells with time in each experimental series is shown in table 3, while the data given in this table for 25° C, together with the relevant data from table 2, also obtained at 25° C, are displayed graphically in figure 1. In all series of table 3, except for the sugar S and for the sugar and salts M S cultures at 25° C, there is a sharp increase in the number of cells during the first 24 hr. but the values for the final 48 hr. do not immediately indicate any consistent increase. Accordingly the results of table 3 have been examined statistically, the analysis being based on the values for 24 to 72 hr. inclusive, the group for each temperature being treated separately, and the total variance in each case being assigned to time, treatment and error. At each temperature the differences due to treatment are highly significant, but only with the group at 25° C is the increase with time significant and then only at the 5 % level. The significant increase with time at 25°C is clearly due entirely to the series with sugar S and with sugar and salts M S\ with yeast extract added to the other two nutrients Y M S the position is similar to all other series, since after a sharp initial increase there is little or no consistent change during the final 48 hr.
The data of table 3 show th at the number of cells formed is increased by the addition of salts to sugar and further increased by the addition of yeast extract; but the data of table 2 and figure 1 show th at the salt effect is not given in the absence of sugar, and when sugar is not provided no cells are formed at all. Burstrom (1941) has also shown with isolated roots of wheat th at no cells are formed in the absence of sugar, and Addicott (1940) th at the number of mitotic figures in the apices of isolated pea roots is increased when they are provided with vitamin Bx and nicotinic acid, which in these experiments are probably being added with the yeast extract. The temperature effect is emphasized by the curves of figure 2, in which the means based on the values for 24 to 72 hr. inclusive of each group with the same nutrient are plotted against temperature. Whatever the nutrient the number of cells formed at 15° is greater than at 5°C; but at 20° the number is lower than at 15° C, and at 25° C it is still lower. These results may be compared with those obtained by Burstrom (1941) with different methods and using wheat roots. This | worker found that the number of cells formed per unit time increased with increase 1 in temperature from 7° to 26° C. The interpretation of the differences between these two sets of results is discussed below.
The differences in the number of cells formed in unit time may of course be due J to corresponding differences in the number of cells available for division, to dif ferences in the rates of division per meristematic cell or to a combination of both circumstances. The numbers of non-vacuolated cells in the roots of different series at successive stages are shown in table 4, and while it is evident from these data 1 that the number of meristematic cells tends to decrease progressively throughout the experimental period, and particularly rapidly after 24 hr., nevertheless the dif-] ferences at the end of the first 12 and first 24 hr. are not directly related to the ; differences in the total number of cells formed in these intervals.
T a b l e 4. N u m b e r o f n o n -v a c u o l a t e d c e l l s w it h d i f f e r e n t n u t r i e n t m e d ia AND AT DIFFERENT TEMPERATURES AT SUCCESSIVE STAGES OF GROWTH. 1 S y m b o l s a s i n t a b l e 3
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The rates of cell division calculated from the primary data of tables 3 and 4 are given in table 5. Where the primary data do not show any consistent increase after 24 hr. no rates have been calculated, and they have not been calculated for the 12 to 24 hr. period when the second value of table 3 is not greater than the first. The data of table 5 show emphatically th at the differences in the number of cells formed during the first 24 hr. are due primarily to corresponding differences in the rates of division. During the first 12 hr. at all temperatures the rate is in creased by adding inorganic salts to sugar and still further increased by adding yeast extract. With regard to the effect of temperature, with one exception, the rate is higher at 20° than it is at 25° C, and higher again at 15° than at 20° C. All values at 5° are lower than the corresponding values at 15° C. For the two series at 25° C in which division continues throughout the experimental period the rate (expressed as the number of divisions per meristematic cell per 12 hr.) with sugar and salts is 0-29, and with sugar alone it is 0-19.
The rates of division given in table 5 may also be expressed in terms of the time occupied by a single cycle of division in each meristematic cell. In this form the rates for the first 12 hr. (taking for S a t 25° C half the value for 12 to 24 hr.) are: 
Cell extension
The tips at the time of excision contain about 34,000 vacuolated cells, and to these others are added in the course of growth, as vacuolation proceeds in the mass of non-vacuolated cells. The whole group of vacuolated cells increases in size and the extension established in individual cells with different experimental treatments may be estimated from the indices of extension given in table 6, which are calculated from the data of tables 3, 4, and 7. As indicated above (p. 115), the significance of successive indices depends on the rate at which the number of vacuolated cells may increase. During the final 36 hr. of the experimental period the proportionate increase in the number of vacuolated cells for all treatments at 25° C is about 10 %, and at 20° C it is about 20 %; at 15° and 5° C there is little or no increase. Thus at all temperatures during the final 36 hr. the value of the index is determined by the behaviour of cells th at had vacuolated before this period, and large changes in the value of the index during the period therefore reflect changes in the relative sizes of individual cells throughout the mass of extending cells.
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At 25° C with sugar S and with yeast salts and sugar no extension after 36 hr., but with salts and sugar M S extension continues through-| out the final 36 hr., and at the end of the experimental period the greatest extension has been made by the series provided with sugar and salts, and the least by that II in which yeast extract has been added to the medium. At 20°C there is little or no 1 extension with any treatment during the final 36 hr., and a t this temperature the J average cell extension is again greatest with salts and sugar and least with yeast I extract added to the M S medium. At 15°C extension continues throughout the | final 36 hr., although at this temperature differences due to nutrient treatment are I very small. At 5°C there is no extension during the final 36 hr. and again little or J no nutrient effect.
Thus, at temperatures above 15° C, as with cell numbers, the addition of salts I to sugar increases extension, but unlike the position with cell numbers the addition 1 of yeast extract to the medium (at least in the form and concentration used here) 1 decreases cell extension. The data of table 2, however, indicate that, as with cell 5 numbers, cell extension only occurs in the presence of sugar, and the salt effect is j not observed in the absence of sugar.
•S 60 The effect of temperature on the relative extension at the end of the experimental period is shown by the curves of figure 3 in which the means for the values over the final 36 hr. for each nutrient treatm ent are plotted against temperature. Clearly with all nutrient treatments the fin#l extension increases with increasing temperature. It may be noted that, while the values plotted in figure 3 are a crude measure of the rate of extension, they suggest, within their limitation, th at in all treatments the temperature coefficient between 15° and 25° C may be greater than 2, and between 5° and 15°C it may be less than 2. The high temperature coefficient for the upper temperature range suggests strongly th at within it extension is controlled by enzyme catalyzed reactions.
Burstrom (1941) also finds from observations on the epidermal cells of roots that sugar is necessary for extension; but the results of his observations on the effect of temperature differ in some respects from those recorded above. The present series of results agree with those of Burstrom in th at the rate of extension increases with increasing temperature, but they do not show as his do th at the final length of the cell decreases with increasing temperature. Extension in our material is complete in all series at 20°C a t the end of the experimental period, but the final indices are lower than the corresponding figures at 25° C. Since Burstrom's results agree with ours (in connexions already considered and with others discussed below) with regard to nutrient effects, but differ with regard to temperature effects both in cell division and cell extension, the differences may be attributed to the use of the roots of different species.
Overall increase in length of the root
In the course of the experiments the length of each root of each sample is measured, and an average value for each sampling occasion is determined. The serial averages for each experiment are given in table 7. The results of table 7 may be interpreted by reference to the effects discussed above of the experimental treatments on cell extension and cell division. I t is evident th at whatever the nutrient treatm ent the growth in length of the root tends to decrease with decreasing temperature. Between 25° and 15°C with de crease in temperature there is an increase in number of cells (figure 2), and therefore within this range the decrease in overall length is due to a progressive decrease in cell extension (figure 3). On the other hand, at 72 hr. the average length of the cells at 15° C is approximately one-third greater than at 5°C whereas the root length is approximately three times as great.
At 20°, 15°, and 5°C nutrient treatment has no effect on change in length of the root with time; but at 25°C the differences due to nutrient treatm ent are well defined. At 25° C the sugar and salts M S me than the sugar, salts and yeast extract medium YM S. The M S medium, however, while giving a smaller number of cells gives a greater cell extension, and it is to this condition that the greater overall length must be attributed. Again at 25° C the Y M S medium gives a larger root than the simple sugar medium S. The more complex medium, however, while giving the shorter average cell length gives the larger number of cells, and the greater overall length must therefore be due to this second condition.
Discussion
The results presented above show that in most series division ceases after the first 24 hr. and they indicate that the process is limited during the final 48 hr. by some condition th at is not limiting during the first 24 hr. The results also show th at at least in the first phase division is promoted by adding sugars, salts and yeast extract to the medium, and by decreasing the temperature from 25° to 15° C. The interpretation of these results must necessarily remain somewhat tentative until the work can be extended to other material in which division continues uniformly for longer periods than the 24 hr. to which in most series it has been restricted in these experiments. Nevertheless it is possible to analyze the situation further even at the present stage of the inquiry; but before doing so the probable cause for the cessation of division after 24 hr. in certain series may be considered.
In the conditions of these experiments division after 24 hr. may be limited either (1) by the activity of micro-organisms, or (2) by the exhaustion of a nutrient reserve present in the tips at the time of excision.
In these experiments sterile conditions were not maintained and although there were no visible signs of massive bacterial or fungal infection in the cultures, the possibility nevertheless remains th at such infection may have been sufficiently extensive to affect the cultural conditions especially in the immediate vicinity of the roots on the surface of the disks. In th at case the observed effect of a reduction in temperature from 25° to 15°C might be due to a consequent reduction in the intensity of contamination. I t is significant, however, th at the temperature effect is given with sugar alone, as well as with the more complex media, and when neither salts nor yeast extract are given with the sugar it is highly improbable th at there could be any considerable contamination. Secondly, the growth of micro-organisms is likely to have been most intense with the sugar, salts and yeast extract medium, and the temperature effect with cell division if it is due to an effect on the degree of contamination might be expected to be relatively greatest with the most complex medium and least with sugar alone. In fact, as shown by the data of figure 2, the converse is the case. The greater relative effect with sugar alone is also shown by the means of the appropriate sets of results of table 3. At 25° and 15° C respectively for sugar alone, the means are 74-5 and 115-7, and for sugar, salts and yeast extract 118-1 and 121-7. Thirdly, if the growth of micro-organisms is an important factor then the effects should be particularly intense when salts are added to sugar at 25° C. The results of table 3, however, show that in these conditions division continues throughout the experi mental period.
I t is probable therefore th at the second of the possibilities outlined above is the cause of the cessation of division after 24 hr. The exhaustion of a nutrient supplyin the tips may, however, be due either to the consumption of the reserve in the formation of new cells or to outward diffusion of the substance concerned from the tips into the medium. If the reserve is dissipated into the medium then the rate of dispersal may be higher a t 25° than at 15° C, giving a greater increase in the number of cells at the lower, than at the higher temperature. I t has been shown experimentally th at a nutrient dispersal from the tips does occur. Fluid in which tips have been immersed for 24 hr. has been used as the medium for a second set of tips, and in these an enhanced increase in the number of cells has been observed. Nevertheless, it is probable that different rates of dispersal at different tempera tures are not primarily involved in the temperature effect for the following reasons. At the same temperature the dispersal of a reserve through outward diffusion should always occupy the same time, and cell increase should, therefore, be limited to a constant period. In fact it is not since at 25° C with sugar and salts and with sugar the increase is continuous throughout the experiment, but with yeast extract, sugar and salts the increase is confined to the first 24 hr. Secondly, during the first 24 hr. with sugar at 25° C the number of cells formed is 4000, and at 15° C it is about 60,000. If the number of cells formed is proportional to the level of the reserve in the tip, then the position would require a fifteen-fold greater outflow at the higher than at the lower temperature.
Thus the evidence suggests th at the cessation of division is due to the exhaustion of a nutrient reserve through consumption in the formation of new cells and th at it is the absence of this nutrient from the medium th at limits division during the final 48 hr. Further, during the first 24 hr. the temperature and nutrient effects observed may be interpreted as direct effects on the process of division.
The results emphasize the central importance of a supply of carbohydrate for both cell division and cell extension. The root tips when they are excised evidently do not carry any carbohydrate reserves and unless an external supply is provided both processes cease.
With regard to cell division, it is clear that although the carbohydrate may be essential as a source of metabolic energy, other aspects of the metabolism of the substance are involved. Inorganic salts accelerate division, but only in the presence of carbohydrate. This no doubt indicates an effect of the salts on the utilization of carbohydrates. The stimulation due to yeast extract may be interpreted in the same sense especially as it can be observed in the absence of salts (relevant data shown in table 8 ). An increase in the rate of cell division, however, also accom panies reduction in temperature from 25° to 15°C, but again only in the presence of carbohydrate. Measurements have been made of the change in numbers of cells with time at 15°C when water only is supplied, and the results are essentially the same as those obtained with water at 25° C. Thus carbohydrates are also essential to the temperature effect, but whereas it is probable th at salts and yeast extract accelerate the metabolism of sugar, it is clearly highly improbable th at a reduction m temperature can have this effect. Almost certainly the rate of metabolism is I lower at 15° than it is at 25° C.
These results may be interpreted in terms of a dependence of the rate of cell I division on a supply of intermediate substances arising from carbohydrate de-I gradation, which schematically may be represented as involving a change from 1 sugar A t o a complex of substances B, lead cell division, it may be suggested, depends on the level of B. Further, the rate of j the A to Br eaction depends on the supply of salts and yeast extract, and the r of the Bt o Cr eaction is depressed to a greater extent by a reduction in temp from 25° to 15°C than is the rate of the A t o to rise when either salts and yeast extract are supplied, or when the temperature is depressed.
The level of the complex B no doubt determines the rate of division by providing metabolites which are synthesized into substances which are required in the \ process of division. The nature of the complex B is unknown; but the interpretation proposed above is consistent with the results of other preliminary experiments in which the effects of certain deficiencies in the inorganic salt mixture have been determined. In these experiments the anions of calcium and magnesium salts have been replaced by the corresponding chlorides, and the relevant results are shown in table 8. I t is evident th at neither sulphate nor nitrate deficiency has any im-j mediate effect, and the only anion deficiency th at immediately depresses cell division is th at of phosphate. In the absence of phosphate there is little or no increase in cell number. Similar results have been recorded by Burstrom (1947) with low nutrient levels of phosphate and nitrate. The importance of the phosphate supply may of course be referable to the need of this material for the synthesis of nuclear components many of which contain phosphorus, but it is equally probable th a t it accelerates the utilization of carbohydrates, and thus the accumulation of the hypothetical complex B. I t may be noticed th at the results given in table 8 for the phosphate-deficient medium indicate less division than with sugar alone, although sugar is supplied along with the deficient salt mixture. Evidently, certain of the components of the salt mixture tend to depress division. That this is so is confirmed by the results obtained with certain other deficiencies. The iron-de ficient medium, for instance, gives an abnormally rapid initial increase in cell numbers. The significance of the stimulation with this deficiency cannot be de termined from the present series of data.
W ith cell extension the necessity of sugar for the appearance of the inorganic salt effect, and the high value of the temperature coefficient for the rate of this process between 25° and 15° C, both indicate th at sugar is involved in metabolic processes on which extension depends. The sugar may provide a source of metabolic energy, it may be required for a synthesis of cellulose th at is necessary for extension, or it may accumulate in the vacuole and promote extension by increasing the osmotic pressure of the cell sap. The results with deficient media, however, suggest that at least part of the sugar effect must be attributed to the necessity of sugar for the synthesis of amino-acids which are essential for extension. Burstrom (194?) has already shown th at extension is reduced by low levels of nitrate in the nutrient and the relevant indices of extension given in table 8 show th at in the absence of nitrates and sulphates extension is depressed. Nitrates it may be suggested are required for the synthesis of amino-acids in general and sulphates for the synthesis of the sulphur-containing acids in particular. Clearly the synthesis cannot occur if products of sugar degradation are not a t the same time available. These results, therefore, suggest th at extension depends on a synthesis of proteins. Further, Blank & Frey-Wyssling (1944) have already shown with the hypanthium of Oenothera, and Brown (1946) with the embryo of barley, th at a synthesis of protein does occur during cell extension. I t may be noted from table 8 th at phos phate deficiency does not reduce extension. Burstrom (1947) has also noted a similar effect.
